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Introduction
Proton pump inhibitor (PPI)s are one of the most commonly prescribed medications for the treatment of reflux esophagitis, dyspepsia and peptic ulcer disease [1] . PPIs block the H+/K+ ATPase enzyme in gastric wall cells, leading to inhibition of acid secretion. However, they are often overprescribed and approximately 25% to 70% of these prescriptions have no appropriate indication [2] .
Generally, PPIs are perceived as safe, but several observational studies have linked PPI use to uncommon but serious adverse health outcomes, such as hip fracture, community acquired pneumonia, clostridium difficile infections and incident dementia [3] [4] [5] .
PPIs undergo hepatic metabolism and do not require dosage modification in patients with kidney disease. However, PPIs are recognized as one of the most common causes of druginduced acute interstitial nephritis (AIN) and acute kidney injury [6] [7] [8] [9] . Furthermore, treatment with PPI was associated with significantly elevated risk of doubling of serum creatinine (Cr) level, of decline over 30% of estimated glomerular filtration rate (eGFR) [10] and of progression to end-stage renal disease (ESRD) independent of AIN [11] . In addition, there was graded association between longer duration of PPI exposure as well as higher dosage of PPI and higher risk of chronic kidney disease (CKD) [10] . Furthermore, a longitudinal observational cohort study showed PPI use was also associated with increased risk of death compared with H2 blocker use [12] .
Therefore, prescription patterns may have clinical significance in preventing excessive prescription of PPIs in the high risk group. CKD patients may have various indications of CKD. Gastric ulcers and gastroesophageal reflux disease (GERD) are more prevalent in those with CKD compared to those without. However, there has been no previous study examining the prescription patterns of PPIs in CKD. Greater exposure to PPIs can be a risk for CKD patients. The objective of this study was to compare the extent of PPI prescription according to CKD stage to determine the amount of exposure patients with CKD had.
Materials and methods

Study design
We retrospectively reviewed medical records of patients (>18 years old) who received any PPIs in the outpatient setting from January 2014 to December 2015. The data was obtained from electronic medical records from Soonchunhyang Medical Clinic. The study protocol was approved by the institutional review board (IRB) of Soonchunhyang Hospital (IRB number 2017-05-001) and conducted in accordance with the Declaration of Helsinki. This was an anonymous observational study, so the need for informed consent was waived. Patient diagnoses were based on International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10-CM) diagnostic and procedure codes. Subjects were limited to outpatients because inpatients are often referred from the local hospitals, so continuous follow up of treatment was not able.
Data collection
Patient's clinical data was extracted based on the date the patients were given the longest duration of PPIs. Because a doctor's prescription is needed for all PPIs in Korea under the drug utilization review (DUR) system, repeated prescription of PPIs from different doctors are very rare. Data on age, sex, chronic illnesses (including hypertension, diabetes mellitus, cardiovascular disease, chronic obstructive pulmonary disease, congestive heart failure, liver cirrhosis), the department the patient visited, the generic name of the PPI, and the main diagnosis at visit were obtained. All disease and health states were based on ICD-10 codes in the electronic medical record.
For laboratory tests, blood urea nitrogen (BUN), Cr and estimated glomerular filtration rate (eGFR calculated from CKD-EPI equation) [13] Exposure to PPIs and prescription patterns. To assess exposure to PPIs, we looked at total duration of PPI administration during the observation period. Total duration of PPIs was calculated by summing up the duration of PPI prescriptions from each outpatient visit during the study period. We also investigated the longest duration of PPI prescription given at one outpatient clinic visit. The medicines prescribed simultaneously with PPIs were classified into three groups; non-steroidal anti-inflammatory drugs (NSAIDs), steroids and anticoagulant/ antiplatelet agents. The number of patients in each classification was counted. We also recorded the department from which patients received their PPI prescriptions and analyzed differences between the three groups.
Statistical analyses
Baseline characteristic comparisons across multiple groups were performed using Mann Whitney test or Kruskal-Wallis test for continuous variables and chi-square tests or the Fisher exact test for categorical variables. Post-hoc test was performed and bonferroni correction method was used to solve the multiple testing problems. To identify the association between the CKD groups and the duration of PPI administration, we used two-stage analysis. First, we calculated the weight variable for adjusting for age and sex for each group [14] . Second, a generalized linear model with inverse-probability weighting was used to demonstrate the relationship between CKD groups and duration of PPI use, and the p-value was estimated by the likelihood ratio test [15, 16] . In the generalized linear model, we assumed a Gaussian distribution, and we used the "identity" as the link function. Pair-wised comparisons were performed and p-value adjusted by bonferroni correction. In correction analysis, patients without eGFR data in non CKD group were excluded. Data are presented as means ± standard deviation, or medians with interquartile range [IQR] if variables showed non-normal distribution. Nominal data are shown as percentages. All statistical analyses were performed with the SPSS version 22.0 (SPSS Inc, Chicago, IL, USA) and R program. A two-sided p<0.05 was considered to indicate statistical significance in most cases. However, p<0.001 was considered as significance in bonferroni correction.
Results
Characteristics
During study period, 178,228 patients visited our hospital out-patient clinic. Of the total patients 5,874 (3.29%) were CKD patients. PPIs were prescribed to 9,109 patients (5.11%) and 730 CKD patients were prescribed PPIs, which accounted for 12.42% of CKD patients. In the out-patient clinic, the prevalence of PPI prescription in CKD patients was higher than the non CKD group (p<0.001). Among patients who took PPIs, 50.3% were female and 9.8% were CKD (eGFR<60mL/min/1.73 m 2 ) patients. Among CKD patients, 730 (8.0%) were categorized as stage 3 or 4 and 166 (1.8%) were stage 5 or ESRD. Patients in the CKD stage 3-4 group and CKD stage 5-ESRD group had higher percentage of hypertension, diabetes and congestive heart failure. The demographic and health characteristics of the groups are described in Table 1 .
PPIs prescribed and indications for prescription
Eight different PPIs were prescribed. The most commonly used PPI was lansoprazole, which was prescribed in 2,626 (28.8%) cases followed by pantoprazole in 1,556 (17.1%) ( Table 2) . Only one PPI was a complex agent combined with NSAIDs. The most common diagnostic code related to indications for PPI was reflux esophagitis, which was found in 8.2% of the patients. Early gastric cancer with mucosal dissection (2.8%) was the next most frequent, and eradication of Helicobacter pylori infection the third (1.8%). Based on the Food and Drug Administration's (FDA) approved indications list [17] , 2,492 (27.3%) patients had appropriate indications for a PPI. 
Simultaneously prescribed medications
We analyzed the types of medicine prescribed with the PPIs and whether they included medicine such as NSAIDs, steroids, anticoagulants or antiplatelet agents that are often prescribed with PPIs. Among all patients prescribed PPIs, 832 (9.1%) were prescribed NSAIDs, 353 (3.9%) were prescribed steroids and 1,705 (18.7%) were prescribed anticoagulants or antiplatelet agents simultaneously with PPIs. As renal function decreased, likelihood of being prescribed NSAIDs tended to decrease, showing significance in linear by linear association (p<0.001). Patients who were prescribed anticoagulants or antiplatelet agents with PPIs were more likely to be in the CKD groups (Table 3) .
Main departments prescribing PPIs
The main departments which prescribed PPIs for the CKD stage 3-4 group were gastroenterology (40.0%) and cardiology (29.6%). In the CKD stage 5-ESRD group, nephrologists and gastroenterologists were the main prescribers of PPIs. The gastroenterology, cardiology, and orthopedic surgery departments mainly prescribed PPIs to the non-CKD group (Fig 2) . The Table 2 . Proton-pump inhibitors used in the out-patient clinic. percentage of PPI prescriptions coming from the nephrology department increased moving from the non-CKD to the CKD stage 3-4 to the CKD stage 5-ESRD groups.
Type
Non-CKD group (A) CKD stage 3-4 group (B)
CKD stage 5-ESRD (C)
Discussion
This study showed the patients with CKD stage 3-4 were prescribed more PPIs. Also, more medications were prescribed with PPIs in the CKD groups compared to the non-CKD group. Cardiologists and nephrologists were the main prescribers of PPIs in CKD patients. Nevertheless, it is uncertain that indications for and duration of PPIs prescription have clinical relevance. A previous study found that the hazard ratio for decline of eGFR over 30% in patients prescribed PPIs for 91-180 days was 2.31 and hazard ratio for developing ESRD or an over 50% decline in eGFR was 1.57 compared to patients prescribed PPIs for less than 30 days over the studies 2 year duration [10] . In our observational study with the same duration, median value of total duration of PPI prescription in the CKD stage 3-4 group was 120 days, which might be long enough to increase risk of CKD progression or risk of ESRD.
There are several reasons why CKD patients take more PPIs than non-CKD patients. First, CKD is associated with increased incidence of acid-related gastrointestinal disorders [18] . Several previous studies showed uremic patients have high prevalence of reflux disease and peptic ulcer disease due to reduction in mucosal prostaglandin, hyperacidity resulting from hypergastrinemia [19] , and high incidence of psychological stress and H. pylori infection [20] . Also, Fig 1. Median values of total duration of PPI prescription during 2014-2015 by CKD groups (A), and duration prescribed at once by CKD groups(B) . Fig 1A  shows the CKD groups were prescribed significantly longer duration of PPIs than the non CKD group (p<0.001). Fig 1B shows the CKD stage5-ESRD group had significantly shorter duration of PPI prescribed at once than the other groups (p<0.001). †pair-wised comparisons were performed and p-value adjusted by bonfferoni correction.
https://doi.org/10.1371/journal.pone.0203878.g001 there was high recurrence of H. pylori infection after eradication in ESRD patients [21] . Therefore, CKD and ESRD patients may have clinical situations which need PPI treatment. Secondly, PPIs are frequently prescribed together with medicines such as NSAIDs or anticoagulants and antiplatelet agents which are frequently used in CKD patients. They are prescribed together in order to prevent gastrointestinal (GI) bleeding or ulcerative diseases [22] . Some studies show use of oral anticoagulation is associated with increased risk of GI bleeding, and many physicians tent to prescribe with PPIs [23] . Due to their higher risk of cardiovascular [24] and cerebral vascular diseases [25] , a larger proportion of patients with CKD are taking anticoagulants or antiplatelet agents and therefore taking larger amounts of PPIs for longer than patients without CKD. This is also showed in our results. Martin-Echevarria et al. argued gastrointestinal bleeding prophylaxis in administration of anticoagulation or antiplatelet agent was the most frequent inappropriate reason for using PPIs therapy [2] . They suggested the indication for PPIs in this situation is unclear. Also, chronic pain is reported to be prevalent in ESRD and non-dialysis CKD patients and NSAIDs prescription and use is common. However, our results showed NSAIDs were prescribed with PPIs less often in the CKD groups. This may have been due to widespread perceptions about the hazard of NSAIDs in renal impairment [26] . However, it is also possible that other doctors could have been prescribing the NSAIDs or CKD patients were taking over-the-counter NSAIDs.
After analyzing the departments prescribing PPIs, the gastroenterology department was the most dominant in the non-CKD and CKD stage 3-4 groups. However, the cardiology department accounted for dramatically larger proportion of prescriptions in the CKD stage 3-4 group than the non CKD group. Also, the neurology department accounted for 4.8% of CKD stage 3-4 group prescriptions. Some patients in these groups may have received PPIs with antiplatelet/anticoagulant agents for prevention of GI bleeding, which could contribute to overutilization of PPIs.
According to the ICD-10 codes from the electronic medical records of our cohort, a small number of patients a diagnostic code of an appropriate indication for PPIs, and a considerable number of patients were prescribed PPIs with NSAIDs or anticoagulants. Even though some cases, including primary prevention for NSAID-induced ulcerative disease, may be appropriate, prescription patterns of physicians in our study showed PPIs are excessively prescribed to CKD patients and a considerable number of prescriptions lacked appropriate indications. Because studies showing the possible nephrotoxicity of PPIs have only been published recently, the over utilization of PPIs is not surprising in the CKD and non-CKD groups. Regarding the increased awareness of the nephrotoxicity of these drugs, there should be decreased the utilization of PPIs in CKD patients and those at high risk for CKD, and PPIs prescription should be restricted to appropriate indications.
There are several limitations of this study. First, we classified CKD group using creatinine based eGFR. This eGFR was only measured on a single day, so it is possible that some patients with acute kidney injury (AKI) were categorized as having CKD. Also, proteinuria was not included as part of the CKD diagnosis. However, patients with notable changes in renal function would likely to undergo examination or would be hospitalized, so the percentage of subjects misclassified should be negligible. Also, we used ICD-10 codes from the patients' medical records to reinforce the CKD classification. Second, the duration of the PPI prescription was measured, but the dose of the individual PPIs was not analyzed. This was because prescribing patterns differ among doctors even at the same doses, and there was risk of misreporting of the exact dosage. Third, the number and types of medicines prescribed with PPIs were only counted when prescribed by same department on a same day. Medicines prescribed on another day or prescribed by a different department were not identified. Fourth, exposure to PPIs was calculated from prescriptions in the outpatient setting. Some patients may have skipped their medications. Therefore, actual exposure could be slightly different from what was prescribed for both the CKD and non-CKD groups. Last, there were quite a few people who had no eGFR data. This was inevitable because not all patients require laboratory tests, and our study was based on medical records. But we tried to reduce error by excluded the patients without eGFR data in age, sex weighted comparing. In conclusion, physicians prescribe much longer durations of PPIs to CKD stage 3-4 patients despite the potential nephrotoxic effect of the drugs. Every medication should be cautiously considered for side or unexpected effects to reduce progression of underlying diseases such as CKD. Physicians should pay attention to and consider appropriate indications when prescribing PPIs to CKD patients, especially patients at high risk for aggravation of renal impairment.
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